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Abstract 
BURTON DANIS SCHABER 
Under the supervision of 
Assoc. Professor Edward U. Balsbaugh, Jr. 
A laboratory cciony of Altica carduorum Guer. was 
established from a stock colony of 50 adult beetles. 
They had an average preoviposition period of 7 days 
when exposed to a rfgular cycle of 16 hr. of Jight 
(24 ° C) and 8 hr. o: darkness (12.75 ° C). U1.Cer these 
conditions, females laid an average of j59.3 � 9.7 eggs, 
and longevity averau· d 100 days� The eggs a�' l:? laj_d on 
the undersj_de of le, .\ .. es along edges of leaf veins through­
out June. Adults fed and overwintered in the soil, and 
some beetles emerged the following spring and laid viable 
eggs. Laboratory studies indicate that high temperatures 
and/or low RH are limiting factors to beetle survival. 
Preliminary findings suggest that the beetle may be 
1·eared on southern corn· rootworm artificial diet v!hich 
either contains or does not contain Canada thistle 
extract. Results of field studies suggest that this 
beetle can be colonized in South Dakota. One of-the 
major factors limiting the establishment of field 
colonies are the predators, Lebia viridis and Harpalus 
pennsylvanicus. �- carduorum originates from central 
and south Europe which has a mediterranean type climate 
where rainfall is heavy, and the humidity is high. 
Therefore, establishment of A. carduorum in South 
Dakota, where the simmers are usually hot and dry, will 
be most difficult. Suspected mycoplasma-like bodies 
were found in sieve elements of Canada thistle plants 
displaying symptoms of yellows disease. 
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In the United States half of the 500 major weeds 
are introduced species. Thirteen of the top 15 noxious 
weeds are introduced or are exotic species, therefore, 
the future for biological control by the classic method, 
i. e. the importation of exotic phytophagous insects to 
control introduced weeds offers researchers and scien­
tists a seemingly unlimited future in biological control. 
Biological control of weeds may be defined as the 
study and �tilization by man of plant-feede�3 and/or 
pathogens for the reduction of host populatiJns below 
economic levels. 
The first successful movement of a species from 
one country to anotter for biological control occurred in 
1762 when the mynah bird of India was imported to the 
Island of Mauritius to control the red locust (Moutia 
and Mamet 1946) . McCook (1882) discussed a �rocedure 
used by Chinese citrus growers since ancient cimes, of 
using a predaceous ant, Oecophylla smaragdina F., in 
mandarin orange groves to control the numbers of foliage­
feeding insects . During the 18th century, predation was 
the most prevalent form of insect pest control. Kirby 
and Spence (1815) reported that 6-8 specimens of an 
hemipteran predator placed in a sealed room thoroughly 
infested with bed ·bugs would completely devour the 
latter within several weeks. 
Biological control concepts of today are based on 
/ 
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the phenomenon that one species' population has an 
immediate and functional relationship to that of another 
species . This hypothesis appeared as rebuttal to the 
theory of Malthus (1803) that populations tend to increase 
in a geometric ratio and their food supplies by an arith­
metic ratio. Early in the 19th century Verhulst (1838). 
formulated populatic.n growth curves which showed that 
po�ulations do not increase indefinitely in a linear 
fashion, but follow a sigmoid or 'S 1 curve. Verhulst's 
work was not recognjzed until Pearl and Reed (1920) 
brought it to the al;tention of the scientifit: community 
and showed its sign::' fic_ance in population stitdies . 
Slmilarly, other ea1 J.y 19th century observat: .ons were 
reported by Erasmus t,arwin, who noted that cabbage 
caterpillars would lncrease in numbers but that a 
certain proportion (about 1/2) would annually be 
destroyed by a larval parasite (Riley 1931). 
Biological control in the United States was 
stimulated in the 1860's by Asa Fitch (1856) who wrote 
on the distribution and-multiplication of the wheat 
midge, [3itodiplosis mosellana (Gehin). His writings 
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influenced Charles V. Riley to distribute parasites 
of the weevil, Conotra·chelus· ·n·e·n·u·phar (Hbst. ) from one 
locality to another in 1870, thus establishing biological 
control in the United States. 
The first procedure that could be considered as a 
bona fide biological control method was initiated in 
1888 as a direct result of C. V. Riley's address to the 
Convention of the California Fruit Growers,  where he 
outlined his proposals for a project against the cottony­
cushion scale in California. As a result of this address· 
biological control became firmly established in the 
United States 20 years later . 
The striking su�cess of Riley t s· experime�t in bio­
logical control stirrulated many nitions to initiate such 
projects . Over 200 outstanding successes in biological 
control have been accomplished in 60 countries, including 
Australia, Canada, Chile, Fiji, Hawaii and the United 
States (Doutt & DeBach 1964). However, most of these 
have dealt with the control of insect pests. 
Biological Control of Weeds . - Employment of biologi­
cal control of weeds has been approached rather hesitantly 
for 2 reasons: ( 1) fear that the risks involved are too 
great compared with the chances of success, and (2) the 
conflict in general acceptance that a_ given plant is a 
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weed, coupled w ith the fact that introduced natural 
enemies of weeds would be free to move into other lands 
where the plant may be considered valuable (Huffaker 
1957).� Ever since the advent of agriculture, man has 
engaged in a seemingly endless struggle against weeds. 
The term 'weed' can be defined as a plant that is found 
in the wrong place at the wrong time. For example, 
yellowstar thistle is considered to be a plant pest in 
the plains states because of the damage to g�azing lands, 
but in California it is beneficial to the be?. industry, 
and fruit  and seed crop growers (Huf faker 1957) . In 
Australia the clear�ng of millions of acres of the prickly 
pear, Opuntia spp .. raet with no resistance; h)Hever, in 
Hawaii, vigorous objections were voiced by c�ttlemen 
because the tree ca�tus, Opuntia megacantha 3alm-Dyck . ,  
was also beneficial as a food and a source o: water on 
some ranges during dry spells (Fullaway 1954:. 
In the United States, losses incurred from exotic 
and indigenous weeds are almost equal to the combined 
losses caused by insects and disease. These losses are 
second only to those caused by soil erosion (King 1966). 
According to the United States Department of Agriculture 
(1965), during the decade of the 60's the annual losses 
incurred because of  weeds was $5 .-1 billion. 
With an ever-increasing outcry by the public 
against supposed indiscriminate use of herbicides, 
insec ticides, and other pesticides, attention has been 
focused on the need for an effective, inexpensive and 
long-lasting control method. Weed control by the use 
of insects is well documented, and therefore, is no 
longer a dangerous untested theory when established 
safeguards are followed. 
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Any insect that limits its attacks to a:1 individual 
plant species or a few closely related speci�s may be 
used as a controlling agent, The most effe ctive agent, 
therefore, would be one which is very host-specific, 
such as plant pathogens, nematodes, and ccrt;��.n insects 
(Van de Laan 1967; Andres and Goeden 1971). 
Weed control s:10uld not result in plant -radication 
but in the reduction of the population densi;�es of the 
weed below an economic threshold. Control, ·,ut non­
eradication, is important because the reproduction of 
the specific insect is closely linked to the presence 
of the weed host plant. Consequently, one wishes that an 
equilibrium, which lies below the economic threshold, 
will be reached between the weed's average population 
density and the population density of the specific 
insect. 
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A weed controlling organism may destroy individual 
plants directly through destruction of vital parts, 
or indirectly by: (1) creating favorable conditions 
for infection by primary plant pathogens, or (2) can-. 
celling or disrupting competitive advantages of the 
weed within the environment (Huffaker 19 57) . However, 
the main objective in biological control of weeds and 
of an ideal controlling agent is not what form of injury 
does it cause, but �ather, does it cause the destruction 
of 'existing stands' of the weed (Huffaker 1957)? 
Zeiger (1967) and Maddox et al. , (1971) reported 
on the control of the introduced alligatorwe2d, 
Alternanthera phyl l�ceroides (Mart. ) Griseb. , which 
showed that heavy destruction of foliage and aerial 
structures of the weed by insects or other a�ents may 
not produce desired ,!ontrol unless destructiJn occurs 
at the proper time _11 the plants 1 life cycle. For 
eiample, Zeiger (1967) pointed out that webworms were 
often found on alligatorweed causing heavy defoliation 
at a time when its energy reserves were high with little 
effect on the plants' survival. 
The 'synchronized feeding' of adults and larvae 
of a Chrysolina (Coleoptera: Chrysomelidae) beetle on 
the basal foliar rosettes of the Klamath weed over a 
long period in the fall, winter, and spring prohibits 
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the root from obtaining an adequate supply of nutrients, 
causing them to 'disintegrate' during the long dry 
summers in California. Based on this observation, an 
effective biological control agent derives its energy· 
from its weed host at a time critical to the latter t s 
survival (Holloway and Huffaker 1952). 
It is hoped that this introduction to principles 
of biological-control with a brief history will make 
the following reviel· of some of the major outstanding 
examples of biological control of weeds more meaningful. 
The classic example of biological control of weeds 
occurs with the prickly pears, Opuntia spp. , in 
Australia. All sper-les of Opuntia found in /.ustralia 
are of American origin. In 19 25, approximat(��-Y 60 
million acres of land were infested, 30 · mill:.ori acres 
so heavily that the :i.�nd was essentially use:.�ss. Of 
the 48 species of iL�,ects imported for contr:>l, only 
12  became established (Wilson 1960) . The most signi­
ficant success was obtained with a pyralid moth, 
Cactoblastis cactorum (Berg) [Lepidoptera: Pyralidae]. 
Within 5 years of its introduction, millions of acres 
formerly occupied by Q.Euntia spp. were retu·rned to 
useful agriculture (Holloway 1964). 
The pasture weed, Opuntia megacantha, introduced 
into Hawaii during the 19th century from Mexico, had 
by 1930 occupied 30,000 acres of a 300,000 acre 
improved cattle ranch. After overcoming the opposition 
by owners of unimproved ranches in 1948, the following 
insects were introduced with the result that control 
was obtained within 5 years: "the cochineal scale, 
Dactylpuis 02untiae ( Ckll.) [Homoptera], and a 
cerambycid borer" (Fullaway 1956). 
The first successful case of biological �ontrol 
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of a native weed by intentionally in troduced natural 
enemies occurred with a project in California directed 
against 2 prickly pear cacti and their hybrids infesting 
62,000 acres of ran[e land on Santa Cruz Isl��d. 
Q. opuntiae, introduced in 195 1, reduced the prickly 
pear cactus by at l�ast 50% by the early 1970 1 s 
(Andres and Goeden 1971) . 
In California the Ilamath weed, Hyperic�� 
perforatum L., was estimated to occupy in excess of 
2 million acres of rangeland in 1944. In 1950 a root 
borer, Agrilus �perici Creutzer [Coleoptera: 
Buprestidae], a cecidomyiid gall fly, Aeuxid�plosis 
giardi (Kieff) [Diptera: Cecidomyidae], and Chrysolina 
variana ( Scholl) [Coleoptera: Chrysomelidae] were 
released. By 1956 the Klamath weed had been reduced 
from the status of an important pest of range lands 
to a casual roadside weed (Holloway 1956). Today this 
weed occupies less than 1% of its former abundance 
and is no longer included on the list of California 's 
noxious weeds (Huffaker and Kennett 1959). McLeod 
et al . (1962) reported that in Canada, two attempts at 
biological control of Klamath weed, and toadflax, 
Linaria vulgaris Mill. , failed. 
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A current project on biological control in south­
eastern United States is the first attempt a; controlling 
an aquatic weed . I� 19 63 alligatorweed had infested 
approximately 100,000 acres in 8 states from North 
Carolina to Texas, end California. In 1964 J leaf and 
stem feeding Agasicles flea beetle was released near 
Savannah, Georgia (Hawkes et al. , 19 67) . A second 
release of adults near Jacksonville, Florida, was made 
the next year. By 1966, adults by the hundr�ls of 
thousands were observed at these release sites. 
Maddox et al . ,  (1971) reported that at a site near 
Charleston, South Carolina, alligatorweed was re�. 
duced 90% from its former level, after the beetles 
had done a high degree of damage to stems and leaves. 
This allowed a competitor, aquatic smartweed (Polygonum 
sp. ) to increase, thus helping to-choke out the 
alligatorweed .  In  this instance, the feeding of 
Agasicles had reduced the vigor of the alligatorwee d, 
which lessened its ability to compete with the sur­
rounding plants ( control by an indirect method ) . Due 
to the e ffect iveness of this controlling agent, many 
waterways have since be en cleared of alligatorweed . 
�caJ:. control of Canada Thistle.- Spurred 
by the numerous successes in biological control of 
weeds the Research Institute, Canada Departmen t of 
Agriculture, and the United S tat�s Department of Agri­
culture , Albany ., California, importe d  from Swj_tzerland 
in 19 6 4 ,  a flea bee i . J _ e  which attacks Canada \l1 i s tle. 
This p lant is not nE t ive to Canada , as its name 
suggests, but rathe1 it is indigenous to Europe, 
we stern Asia and nm ·thern Africa. It  is from Europe 
that the weed was il .traduced to North America in  1777 
( Dewey 19 01) . By 1 �) 2 6 Canada thistle had spread across 
the continent from the east coast to the Pacific coast 
states, south into Kansas , and Missouri, with one 
isolated patch in Mob ile, Alabama (Detmers 19 2 7) .  
Canada thistle has been known from very early 
times but was scientifically named b y  Carl von Linne 
10 
in l753 as Serratula arvensis. He describ ed  it as having 
lanceolate, dentate leaves with spinose margins and 
having creeping roots. Scopli ( 1772)  placed it in the 
genus Cirsium where it has remained. 
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Canada thistle, being a perennial weed, is very 
di fficult to eradicate and is one of the most feared 
weeds in the United States ( Kinch 19 67) . It has b een 
declared to be 1 of the 8 primary noxious weeds of 
South Dakota by the South Dakota We ed Control Commis­
sion. It has a comp lex root sys t em , consisting o f  the 
fibrous ab sorbing 01 gans and horizontally creeping, 
branching roots whil'.11 serve as organs of storage and 
vegetative propagation . The latter vary in depth below 
the s oil from a few inches to 3 feet. In cr- )p land they 
are usually at a grc ;; .ter dep th than that rea< .hed b y  
ordinary cultivatio:-. . The root system conti. 1-:. 1es grow­
ing each season the: ,eby spreading out from 1 Y !aliz ed 
patches . Dissemina· ; \on of seeds by wind and water 
currents may disper , E � . the plants to uninfested areas 
where they can germinate and start new infestations 
shou ld they find a suit able environment ( Detmers 19 2 1) . 
The types of losses caused by Canada thistle are : 
( 1) crowding out or reducing the growth of the des ired 
crop, causing losse s in yield and quality ; ( 2 ) in­
creased c osts due to increased cultivation ; ( 3 ) in­
creased  costs for special seed c leaning ; and 
( 4 )  depreciation in value of crop land and agriculture 
of a community. The first of these is probably the 
most prevalent type of loss incurred by the farmer. 
Derscheid and Wrage ( 19 7 2) reported that " 2  
Canada thistle plants per s quare yard reduced wheat 
yield 18% , while 19 plants per square yard reduced 
yields 3 6 % . "  Hodgson ( 19 6 8) found that t t 2 shoots 
per square yard can reduce spring wheat, Tritic um 
aestivium L . ,  yield by 15% ,  and that 25 shoots per 
square yard reduc ed  ;1ield by 6 0 % - . n 
Many weeds inhibit seedling growth of other plant 
species. Retig et al . ,  ( 19 72) showed that i �  4 weed 
seeds are planted nr - 1 :t to 1 crop seed of cab l-- age, 
( Brassica oleracea :  . .  ) , and tomato (;Lycopers_ ': �! um escu­
lentum Mill . ) , abno: .  mal changes in anatomy o .' cab b age 
and tomato roots oc, ,Hr, such as inhibited ce Ll elonga-• 
tion,  disruption of the epidermis, and disor ganization 
of root tissue. Change in root anatomy could also 
exp lain the drasti c reduction in yield due to the 
presence of Canada thistle . 
In South Dakota in 19 69 , Canada this tle infe s ted 
approximate ly 2 30 ,0 0 0  acres on 2 2, 0 0 0  farms. A revised 
report, 3 years later, showed an increase of 13 3, 0 00 
acres of infestation on 2 , 0 0 0  additional farms. If 
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this acreage is added to South Dakota ' s  7 other 
primary noxious weeds, the total acreage infested 
is approximately 3 ,00 0 , 00 0  acres . Only bindweed 
(creeping jenny ) infests more ( 1 , 50 0 ,000 ) acres than 
Canada thistle in South Dakota (Derscheid and Wrage 
19 71) . 
Studies utilizing Ceutorhynchus litura (F. ) 
[ Coleoptera : Curculionidae ] and a Cassida spp. , 
[ Coleoptera : Chrysumelidae] in the control of Canada 
this tle are being conducted by Lance Nearman at South 
Dakota State University. These studies have recently 
bee n  initiated, therefor� no results are yet �vailab le. 
It is obvious t Y at cul tural and mechanic .al means 
in South Dakota are not controlling the rapi : l  spread 
of Canada thistle. This problem led to . the .nit iation 
of a biological con 1 , J »ql proj ect in 1970 invo L ving the 
release of an introc .uced plant enemy, a flea bee tle, · 
Altica carduorum (Guerin-Meneville, 1 8 5 8 ) [ Coleop tera : 
Chrysomelidae], to de termine if establishment would 
occur and the beetle ' s  effectiveness for biological 
control of this weed. Other facets of this proje c t  are 
be ing conducted by other researchers at South Dakota 
State University at the · present time. 
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The initial s tudy of this flea bee tle as a possible 
2 8 4 2 5 3  
coUTI DAKOTA STATE UNIVERSITY LIBRARY 
contro l  agent was started in June,  19 6 1 , at the 
Europe an St ation, Commonwe alth Institute of Biological 
Control J De lemont, Swit zerland by M .  Karney . His 
original spe cimens wer� obtained from a single locality 
near B rig, Valais, Swit zerland . He studied the biology 
of the adult and larva and performed some host plant 
spe cifici ty studies, but they were inconclusive 
( Karney 1963 ) � 
Harris ( 196Li ) !onducted hos t  spe cificity t ests of 
A .  carduorum on 5 t �ibes of the family Composit ae � 
Fourte e n  spe cies we re from the plant tribe Cynareae . 
Plants of the 5 tribes were t ested and some b e e tles 
survived, with  sust 1,_ :_ned feeding on only a f �w genera 
within the subtribe Carduinae . He conc luded that in 
nature A �  carduorum probably attacks on1y C .  s.rvens e . 
Zw8lfer ( 19 6 5a , 19 6 ) )  _ in an extensive survey of thistle 
inse cts in we s t  and c entral Europe, has never found it 
6n any other plant spe cies. Fur ther laboratory host 
spe cificity t ests (Zw8lfer 19 65b )  supported the conciu­
sions o f  Harris and Karney that the host  range of 
A.  c arduorum comprises the c arduinne genera Carduus­
Cirsium-Silybum . Zw8lfer delineated the geographic 
range and some e cological factors which may affe ct the 
biology of the be etle . 
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A trial relea9e of 2 3  beetles at Belleville , 
Ontario, in 19 6 3 , was uns uccess ful. Ninety percent 
of the eggs laid by thes e beet les disappe ared over­
night. However, at Lacombe ,  Alberta ,  a release was 
more succes sful when 1080  beetles were liberat ed and 
a small colony survived for three years (Peschken 
et al. , 19 7 0 ) .  
Studies on the control of Canada this tle ( Zw8lfer 
and Harris 19 6 6 , and Zw8lfer and Eichhorn 19 6 6 ) have 
shown the poss ibili ty of using other i nsects to control 
this pes t weed . 
Mycoplasmas . - - �s a par t  of this study of bio­
logical control of C 1anada thls tle , an invest igation 
was undertaken to d- ) termine wheth�r mycoplasma-like 
organisms ate ass o c  .at ?d with the suspected yellows 
disease in Canada t: 1 is tle ,  and to s tudy the development 
of these organisms in plants . Hopefully, they can be 
propagated as another biological control agent of the 
noxious weed , Canada this tle. 
Prior to the discovery by Doi et al. ( 19 6 7), 
yellows diseases were thought to have been caused by 
a virus or virus-like particles ( Protsenko 1959 ), but 
the pathogenicity of these particles was never demon­
s trated. Failure to isolate the causitive agent 
1 5  
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p ermitted a new hypothesis, that the causitive  organisms 
were not viruses but rather microorganisms which· 
resemble mycoplasmas . Doi et al. (196 7) were the 
first to suggest that the causitive organism of 
y e llows disease may be  a mycop lasma-like or chlamydia­
like organism in sieve e lements of yellows-infected 
p lants. It is now estimated that this group of disease 
organisms causes more than 40 p lant disease s (Whitcomb 
and Davis 1970 a) . '. �his conclusion is b ased on the 
evidence of morphol· )gical and ultrastructural simi-
· 1arities (Davis and Whitcomb 197 1) : (1) the bodies 
are bound by a single unit memb rane ; (2 ) the bodies 
are devoid of a ce L 1 . wall ; ( 3) the bodies ar 1 .: highly 
pleomorphic ; (4)  th s bodies are not known to b e  derived 
from b acterial pare . 1 ts ; and (5) the bodies  c 1� · b e  
culture� in ce ll-fr �� _ media (Hampton e t  al. 1969) . 
Recently other rese irchers have demonstrated the 
association of such organisms with yellows diseases 
(Dale and Kim 1969; Hampton et al. 1969) ; Story and 
Halliwe ll 196 9 ;  Whitcomb and Davis 197 0 a  and 1970b ; 
Maramorosch et  al. 196 8 ;  Granados e t  al . 196 8 ; 
Giannotti et  al. 196 8 ; Bowyer e t  al . 1969) . 
Kunke l (19 24 ) demonstrated that aster ye llows 
are caused by an infectious agent - and transmitted by 
leaf-hoppers. Similarly , Sinha and Paliwal 19 69 ; 
Story and Halliwell 19 69 ; Raine and Forbes 19 69 ; 
Break and Kralik 19 69 ; Giannotti et al. 19 6 8 ;  
Granados et al . 19 6 8 _;  Hirumi and Maramorosch 19 69 ; 
Maramorosch et al. 196 8 ;  Shikata and Maramorosch 19 6 7 ; 
have located mycoplasma-like organisms in  leaf-hoppers. 
Hampton et al. ( 1969 ) established transmission of 
mycoplasma-like organisms by the pea aphid. 
Outline and Q.Qjectives. - The general purposes 
of this rese arch are to investigate and evaluate 
A. carduorwn as a biological control of Canada thistle. 
The following outli1 1es the objectives : 
I. Attempt to est ablish a laboratory colo�iy. 
A .  To study : ts life history. 
B . To determ: . r �e the effects of various 
temperatw ·es and humidity on mortality 
and fecundity. 
C. To determine preference for ecotypes of 
Canada thistle . 
II. Attempt to establish field colonies by making 
releases at regions with different climates 
within South Dakota. 
III.  Attempt to record factors limiting establishment. 
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A .  Record the number of parasites infecting 
al l life stages. 
B. Record the number of possible predators of 
all life stages. 
IV. Attempt to determine the a·gent causing yellowing . 
V. Descrip tion of the external morphology of 
the adult. 
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MATERIALS AND METHODS 
The Host Plant . - The subsequent description of 
Canada thistle is based on that given in botanical 
manuals of Fernald (19 50) , Britton (19 13 ) and Gleason 
& Cronquist ( 196 3) .  
The stems are green , sometimes striat e  having a 
glabrous surface or with the surface spars ely white 
tomentose or hirsute (with bristling hairs) . The pan­
iculate branched st ems are usual ly from 30  cm  to 1 . 5  m 
in height. 
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The leaves are green on both s urfaces . The upper 
surface  is glabrous , s ometimes shining or wi ;h a few 
short white hairs or . the young leaves. The under sur­
fac e of  mature leavf & is glabrous, with the young and/or 
leaves close to the gr6und being white tomentose beneath. 
The shape of the le< tves a1.,e lanc eolate to ob lanceolate 
with the acut e  apex terminating in a spine . The margin 
of the leaf varies from crenulate (de eply lobed) to 
ruffled. These acute lobes terminate in a spine with 
marginal spines or prickles extending to the base of 
the lobe . The sharp, rigid spines may reach up to 8 mm 
in length. The base of the J.eaf is sessile, with the 
large leaves being de current . These decurrent leaf bases 
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are sometimes mistaken  as spines of the stem. The cymose 
inflorescence has · numerous heads which are sessi le or 
peduncled . The involucre is imbricate with a reddish 
purple , glabrous corrolla. The flowe rs are fragrant . 
Canada thistle can be distinguished from other 
thistles by its deep green , intensely spiney leaves, 
small heads of flowers borne in clust ers, by  growing 
in patches, and by its horizontal branching root s . 
Three dist inct varieties  (=host-types, e cotypes) 
were located in the Brookings research areas o The 
following is a brief description of each of thes e host 
types: 
a) --horridum . All of the leaves are c :• t=nate 
(ruffled) pinnately lobed . These lobes are very uarrow 
and strongly spinosa . - This variety was foun j on the 
Kie ckhefer, Durland and Spearfish release si c es, and 
will, hereafter, be referred to as host-type l. 
b) --mite� The stem leaves are sinuate-pinnatifid, 
subundulate (usually not crenate) ,  whereas the branch 
leaves are sub entire or denate, and minutely spi_nose. 
This variety was found on the Johnson release site, and 
will, hereaft er , be referred to as host-type 3 .  
Separated from the Johnson release site by a 
hedge was a variety having charact�ristics of both 
o f the previously described host-types .  This host­
type was used during the host-type preference tests 
and is, hereafter, referred to as host-type 2 .  
Characteristics used in separation of the above 
. host-types are some of those used by Hodgson (196 3) in 
his description of 10  ecotypes of Canada this tle col­
lected  from locations in Montana, Idaho, Washington , 
and Wyoming . 
Collection of underground shoots o f  ho J t -type 3 
were dug each fall  and placed in 3 gallon pl 1s tic bags, 
with just enough soi l to cover the shoots. These bags 
were placed in a wa:crn place for l week enabling the 
roo ts to sprout, then placed in a large walk - :1_n cooler 
kept at 1-2° C .  During the winter months, 5 shoots per 
pot were planted in 15 - cm plastic pots at relular 
intervals , then placed in the Northern Grain Insect 
Research Lab oratory greenhouses. The plants 1 ·rnre grown 
at_ a temperature of 24 ° C ,  with 16 .hours of light . 
Plants were watered only twice a week . These plants 
were carefully watched because of  a mite, 
9ligonychus partensis (Banks) [Tetranychidae: Acarina]  
which can easily wipe out the entire greenhouse stock 
in a very short time . 
The Control Agent. - The original description of 
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the adult beetle by Guerin-Meneville (1 85 8 ) and a later 
description by Karney (196 3) have been superfici�l, 
therefore, I will give a complete morphological 
description in a later section of this paper . 
Laboratory Rearing.- A laboratory colony of A. 
carduorum was established at South Dakota S tate 
University from a stock of 50  adult beetles, shipped 
from the United States Department of  Agriculture, 
Biological Control of Weeds Laboratory, Albany, 
California . 
The technique used for the rearing of these 
beetles i s  as follows : Twenty-five to 50  ad· 1 �1.t beetles 
were placed in one r ,allon cardboard ice crear i con-­
tainers, of which tl l e  central portion of the ::_id was 
removed. A piece o: .' plastic wrap was placed over the 
container and the l� . ct slipped into place > th !� holes 
were pierced in the plastic to allow for · gas exchange 
and to prevent condensation . A bouquet of cut Canada 
thistle was made by inserting thistle foliage into a 
6-dram snap-cap vial, filled with water. The plant 
material is held upright  by wrapping it with cotton 
and inserting it through a hole in  the cap. Each day 
the bouquet was removed . and replaced by a fresh one . 
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The old bouquet was thrown away, or if  eggs were present 
i t  was placed in a separate container until eco lsion 
occurred. If the · bouquet was left for 2 or 3 days in 
the adult cages, too much leaf area was eaten and the 
plants de sic cated, in turn causing the eggs to dry and 
shrivel. The original bouquets taken from the adult 
cages were replenished with water and placed in 1/2 
gallon - plastic ice-cream cont ainers. These containers 
were covered by cellophane held fast by the lid rim. 
Once again holes were pierced in the plastic. After 
the eggs had hatched a fresh bouquet was add �d to the 
s ame container with a s  much contact as pos sible with 
the older bouquet i�  order that the larvae could 
transfer to new fol :iage. After 3 days, or w' 1 t ;n the 
larvae were in the 2nd instar, a 1/4 inch la yer of 
foam plastic was placed on the floor of the Jon t ainer 
to absorb condensation, thus preventing the jrowning 
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of many larvae. During the summer months fr = sh bouquets 
were collected from the field each day . During the 
winter, stock was obtained from a greenhouse supply of 
approximately 400  potted plants. When a few mature 
larvae were found on the floor of the container, the 
bouquet was transferred into 30 mm clay pots filled 3/4 
full with a sterilized mixture of 1/3 black dirt,  
1/3 sand , 1/3 vermiculite . A plas·tic cylinder 30 mm 
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in diameter and 30 mm high was placed in the pupat ion 
chamber . This allowed 3rd instars falling from heavily 
laden bouquets to burrow immediately into the soil to 
construct their pupation cells. Reduced adult emergence 
occurred if the larvae were allowed to drop to the floor 
of the larval growth chambers . Similarly , if t he young 
larvae were moved or touched with a camel hair brush ,  
many failed to develop further . The soil had been 
thoroughly moistened before putting in the thistle 
bouquets. Every other d ay 4 0 0  ml of water were placed 
in the bot t om saucer under the clay pots. This allowed 
the soil t o  abs orb . r toisture and reach an equi. libri um, 
thus enabling the la rvae to seek their own mc i st ure 
level when pupat ing , Adults st arted to emerge from the 
soil in about 2 weel s,  _thus beginning a new � ycle . 
This procedure has t een adapted from the procedure 
used at Albany, Cali fornia ( Hawkes, personal communi­
cation) . 
The growth chamber was kept at a daytime temperature 
of 2 6 . 6 ° C and a night temperat ure of  1 8.3 ° C ,  16 -hour 
day length, with a RH above 50 %. 
Laboratory St udies.- Fecundity . - Three ecotypes 
of Canada t hist le and one of bull thistle , Ci�sium 
vulgare ( L . ) ,  ( host-type 4) were used in a fecundity 
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e xperiment . 
Field studies showed that there are at least 3 
ecotypes ( host-types 1-3) of Canada thistle in Brookings 
County. Since a knowledge of host preferenc es would 
help in obtaining in the laboratory a maximum number 
of eggs and a greater  hatch, the study of fecundity of 
A. carduorum was conducted. Three replications of the 
4 host- type s we re run . Each replicate had one large 
leaf placed i n  a 6-dram snap-cap vial. Each day the 
leaf was removed and replaced with a fresh a c e . The 
eggs laid on the leaf were counted ,  the number was 
recorded, and the e sgs were placed in a soda fountain 
cup ,  15 mm high. Tl;e leaf in the s oda fount : in cup was 
observed every day for 1 5  days � and the numt er of larvae 
hatching each day was recorded . If the eggs had not 
hatched within 15 days they were considered c o  be  
infertile and were discarded. ( It had be en ? r eviously 
determined that no eggs hatched after 15 days . )  As soon 
as all the eggs had hatched these 1st instar larvae were 
transferred to rearing chambers containing the other 
larvae from the same replicate. Fully grown larvae were 
transferred to pupation chambers. 
Adults emerging on July 13, 19 7 1 , were paired 
and placed  on the 4 host-types of thistle. 
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The above experiment was conducted under the 
following environmental chamber parameters: temperature 
2 4° C day , 1 5 ° C night ; 5 0-7 0 %  RH, day-length 16 hours. 
The hatchability of the eggs o f  the 4 host-types 
. was compared using an independent chi-square analysis . 
Host Preference.- Feeding preference of A. 
carduorum was determined by placing 4 pairs o f  adults 
into 4 2-gallon battery j ars each containing bouquets 
of the 4 host-types. 
Every 1/2 hour the number o� each sex was recorded 
per host-type, starting at 8 a. m. and terminating each 
day at 4 p. m. 
Only the obser vations taken on the 2nd and 3rd 
days were used in tl e analysis of these data because 
randomization had nnt yet . been complete on the 1st day , 
and by day 4 ,  some � . eaves had deteriorated, thus shift­
ing beetles to seco:1dary host preferences. 
Feeding Unit Analysis . - The second phase of this 
experiment invo lved the determining of the number of 
"feeding units " per host-type. A 1 1feeding unit " had 
been defined as an area equivalent to the cross section 
of a wax match ( 1. 5-2. 0 mm2) (Zw8lfer 19 65a, Frick 1970) . 
I determined a "feeding unit "  using a dissecting 
microscope, equipped with an optic reticule. At 1 2X, 
2 1 square equals 1 . 6 7  mm . Therefore , for ease in 
computat ion, 1 . 6 7  mm2 was chosen as a feeding unit 
in this experiment . 
Longevity Study. - To determine longevity under 
_laboratory condi tions, 3 containers, each with 28 newly 
emerged beetles ( 2 1 �  - 7 d' )  were observed every day 
until all members of the experiment had perished. As 
in the other experiments , fresh bouquets  o f  hos t-type 
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3 were p laced in the chambers as needed . Each day the 
dead beetles were removed into separate vials with their 
numb er and sex re corded. 
Temperature ar d RH S t udy.- Studie s to 19 termine the 
effects of different temperatures and humidl'Lies  on 
fecundity were carrj ed out during the summer o f  19 71. 
A secondary purpose was t� correlate, if pos J ible, these 
laboratory data witt the data recorded in field experi­
ments, thereby enab 1ing one to predict population trends 
under similar conditions in the field. Test parameters 
were a) 2 4° C day, 1 5 ° C night, 5 0 -70 % RH ; b) 30° C day , 
21° C night, 70-10 0 %  RH ; c) 30 ° C day , 21 ° C night, 
RH less than 4 0 % ; d) 35° C day, 21 ° C night, 4 0 -60 % R� ; 
e) 35 ° C day, 21° C night, 60 -80 % RH . 
Each  experiment consisted of 3 replications , each 
containing 1 male and 1 female with the environmental 
chamber kept a t  one of the above s et of  parame t ers 
throughout the experiment . Each day, as in the 
host-type preference stu dies, the bouqu et cons i sted of 
1 large lea f . Each bouquet was change d  da ily . and the · 
numb er o f  eggs laid  was recorded . Subse qu ently , the 
number of eggs which had hatched  wer e  r ecorded . By 
c omparing the emergence in each exp eriment, the b est  
environmental parameters for the  rearing of laborat ory 
adults were obta ine c . These data wer e  analy zed by the 
use of an independe1 1t chi-squar e analy s is. 
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Artificial Diet Study . - Artificia l diet stu dies 
were conducted by u sing newly ha tch ed  larvae obtained 
from thistle bouqu e t J . A wet camel hair bru E h  was used 
t o  r emov e larvae wh : ·;h were less than 2 4  houPr, old and 
to place them on 10 ml . of artificial diet in a ·1 oz 
p lastic cup . The dj et_ was prepared and formnlated  
according to  the me t h od described  by  Sut t er 8 t  al . ,  
( 19 7 1) . In addit ion , an aqueous e xtract from Canada 
thist le  was added .  The extract was prepared  as follows : 
a one gal b ag o f  fro z en Canada th istle l eaves wer e added 
to 1 800 ml of wat er in a Waring blender and blend ed f or 
3 minutes at h igh speeds till  the m ixture was ful ly 
homogen iz ed o This mixture was f iltered through 4 layers 
of  che esec loth using a Buchner funnel . The solute was 
then centrifuged at 100, 0 0 0  rpm for 30  minutes ,  after 
which it was once more filtered through a Buchner 
' filter, poured into 50 ml bottles , frozen and s tored. 
When a batch of diet was made this solute was thawed 
and run through a mil lipore filter. Next, 50  m l  of 
this solution were added to a b atch of diet making 
50  1 oz . cups, or approximately 500 ml of diet. 
In _ a preliminary experiment, unaltered corn 
root-worm diet was used. One hundred and tWE ·nty-five 
larvae - less than 2 1� hours of age - were plc . 1!ed, 
5 to a 1 oz . cup , and allowed to develop. The adu lts 
obtained from this E t udy were then paired. 
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In another study, 3-5 larvae were plac£ d in each 
cup , the cups inserted into trays of 2 5  each J and the 
trays then placed in a growth chamber with tLe following 
parameters : temperature 2 8 ° C ,  7 5-80 % RH, wj th 16 hours 
of day light. 
Rearing beetle larvae on successful synthetic diets 
could simplify procurement of winter food s upplies. Such 
a technique would reduce by many man hours the work 
needed in collecting, cutting, and arranging this tle 
bouquets. 
Field Studies. - The s tudy areas consis ted of 2 
stations in South Dakota. The eastern s tation was 
located on the Coteau des Prairies, a region having 
Chernozen type of soil. Th i s  region is a hi ghland 
located between the Minneso ta-Red River Lowland on the 
E, and the James River Lowland on the W .  Elevation 
here ranges from 1600 ft above sea level to 2000 ft 
(Westin et al . ,  19 6 7 ) .  This station contained 3 
release sites, vi z. one at the community of Sunnyview, 
2 miles N of Brookings , on gently sloping to medium­
textured soils of the Vienna Lismore series in a semi­
sheltered area at an elevation of - 1625 ft. 
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A second eastern site was situated in Moody County 
on the Durland farm (1 mile S of the Big Sio1 lz  River 
on County road #21) , on Lamoure si lt loam soi l . This 
site had 2 release a reas, one very sheltered , the other 
in open prairie abo� t 200 yards away. Eleva cion at 
these 2 release area E was approximately 1580 ft . 
A third eastern site was situated on the Johnson 
farm, Brookings Co. , approximately 4 1/4 miles north 
and 1 1/2 miles west of Brookings on Estelline silt 
loam,  nearly level-medium to fine-textured soils in a 
well sheltered area at an elevation of 1 6 4 6  ft above 
sea level. 
The other research station was located approxi­
mately 3 miles N and 3/4 miles W of Spearfish on 
US 8 1 , on the banks of Spearfish Creek . Elevation at 
the research site is about 3000 ft (Westin et al. 196 7 ) 
and the soils are in the Lohmetler-•Glenberg-Harrison 
series. 
Each of these sites were selected after inten­
sively scouting the area and determining that they 
contained an easily accessible, large and nearly pure 
stand of Canada thistle. 
Field cages 2 '  x 2 '  x 4 '  were construc �ed using 
l "  x 2 "  wood strips . They were built to al l JW entry 
by 2 openings. Besides the front door there was a 
s econd opening , the f'.; 1 1  top section which could be 
flipped back . The top of the cage consisted , ) f a 
sheet of 1/4"  plexiglass which allowed unobstructed 
observation. The tJp $ection was opened for observing 
the adult beetles , because they fall earthwa �J when 
disturbed. Thereby the likelihood of losing them 
through escape through the front door was lessened. 
However, when eggs and larvae were present, it was 
much easier to observe them by using the front door . 
A hygrothermograph was maintained at the Johnson 
farm for the duration of the research . 
Eight pitfall traps made from 1/2 pint j ars were 
placed on the periphery of the first release site on 
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the Johnson farm. These were sampled wee kly and their 
catches placed on alcohol . 
The purposes of these studies were to determine 
the response of A .  carduorum to climate in South 
Dakota and to see whether establishment of field 
colonies could be obtained . 
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Releases . - The first re lease was made July 3 ,  19 70 ,  
a t  the Sunnyview site. Fifty larvae were placed in each 
of 2 field cages, and 100 larvae were released , uncaged, 
50 .on each of 2 1 m2 plots . Each . s ubsequent day the 
number of lar vae observed was recorded .. In the spring 
of 19 7 1  observationr : were made daily .for the month of 
June, and weekly throughout the rest  of' the J t.Unmer. 
On July 11, 1: 1 70, on the · Durland farm ., 50 .lar�vae 
were released in 2 r ; ctges , and 50 in 2 uncage d release 
are as .. Daily obser· rations were maintained with the 
number of larvae se en being recorded. The following 
spring, obs ervations were continued daily until July ; 
then weekly, throughout the remainder of  the summer. 
A r e l e ase was made at the Johnson farm site on 
September 16, 1970 } when 485  adult beetles were plac ed 
into a cage. This population was followed consistently 
with daily observations until late August, 1972, when 
the last of this population had pupated. To supplement 
the F2 generation adults which emerged from the 1970 
release, 2 5  adults from the laboratory colony were 
added to the same cage on August 3 ,  197 1 .  During the 
summer of 197 2  the life stages were analy zed using · 
the methods developed by Moyle and Frank lin ( 195 5 ) . 
On June 4 ,  197 1 ,  a cage was erected approximately 
5 0  ft  S o f  the previous release site to house a new 
release of 50  adult bee tles . 
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A cage was erected a long the W b ank of Spearfish 
Creek at the Spe arfish res earch station on J · ine 7, 197 1 ., 
and 50 adult beetles were released in i t. This site 
was observed on Jul1 8 ,  19 7 1 , at 6 p . m .  and the data 
recorded . On July 2 7, 19 7 l i 100 more beetle f were 
released ( 50 caged , 50 uncaged) at the same ; O cation. 
This site was ob served ·on August 16 , 19 7 1, aud on 
June 4 ,  19 72, and the results recorded . A h� ·grothermo­
graph was maintained at this site by Dr . Bur:; _ ,uss 
McDaniel throughout the summer months of  19 7 1 . 
Predator Study .- A predator study was conducted 
at the Johnson farm for which a radioisotope tracer was 
used to identify the predators of radioactively marked 
Altica beetles. A 99 % pure stock solution (0. 30 ml) 
o f  p 3 2 in the chemical form of  H3 P04 in 0. 0 2 N HCL ,  
with a concentrat ion of 33. 1 mCu per ml was diluted 
by pipeting 3 ml of dis tilled water into the vial 
containing the p 3 2. Two large Canada thistle plants, 
about 4 5  cm high and which had not yet b loomed, were 
enclos ed on all side s by a s quare o f  1 m long pitfall 
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_ traps . The p 3 2 was introduced into the hollow s tem near 
the bas e of the plants by making a small vertical cut 
with a knife, and then placing 0 . 3  cc (cont aining 
approximately 2,000 , 000 cps )  of  the diluted stock 
solution into this hollow with the aid of  a long-needled 
hypodermic syringe (Pendleton and Grundmann 19 5 4) . 
Samples o f  leaf tis sue taken 2 4 hours later showed 
incorporation of th1 �  radioactivity throughou t the plant. 
After this period, � -0 adults and 25 3rd ins t drs  were 
placed on the nlabe : . J.ed " plant·s ,  and allowed to fe ed. 
Radioactivity counts were made o f  the collected 
fauna using a Mark � 3 ,  Model 1, Serial A-17 4 ,  RCL Sealer 
for the laboratory analysis. Field detection was done 
with a portable Geiger-Mueller surve y  meter. 
Sample s of ins ect fauna and plant flora were 
collected from outside the res e arch area  for the 
determination of background counts . 
Mycoplasma Study. - In all 3 s ummer s  (1970 -72) 
of the study, dis eased Canada thistle plants displaying 
the clas s ic s ymptoms of suspe cted yellows dis eas e  were 
observed at the Johnson farm site. Specimens were 
collected and samp les of secondary vein material from 
leaves displaying suspected yellows disease were cut 
into 0.5 mm x 1 � 5 cm s trips and fixed for 19 hours in 
3 % glutaraldehyde , then put through a series of buffer 
rinses, post-fixed for 4 hours in  2% OxO4 (b oth in 
35 
0 . lM phosphate b uffer, pH 7 ) .  All samples were subj ected 
to a graded acetone dehydration s eries ( 2 5 % , 5 0 % , 75 % ,  
100 % ) for 1/2 hour each, then placed in a th )roughly 
mixed 1: 1 acetone Boj ax mixture (Epon and Ar i ldite 502) , 
and al lowed to polymeri ze for 1 1/2 hours. After this , 
the plant tissue was embedded in freshly prepared pure 
Boj ax mixture and p laced in an oven for 48 h >ttrs at 
60 ° F .  Sections were cut on a Porter-Blum M r2-B 
ultramicrotome equipped with glass knives an J stained 
with 2 %  aqueous uranyl acetate for 1 1/2 hou � s followed 
by 20 minutes wi th lead citrate ( Reynolds 19 � 3). A 
RCA EMU-3G electron microscope was used to examine the 
section. Samples from 3 diseased and 3 healthy plants 
were sectioned and examined. 
RESULTS AND DISCUSSION 
Laboratory Stud�es. - It was found that the 3rd 
instars pupated within the upper 2 cm of soil. The 
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adult laboratory reared beetles upon emerging displayed 
marked activity within the rearing chambers which would 
last for approximately 12 hours. This increased activity 
was in the form of very errat ic j umping around the cage. 
Each spring I notic ;d this behavior displayed by the 
emerging overwinter L ng adults at the Johnson farm 
release site. This type of activity was first reported 
by Karney (19 63) during pre liminary research us ing 
A. carduorum in fee � ing tests. 
B1ecundi ty . - T' 1 ,➔ total number of eggs 1 1 id and 
hatched, the percen t hatch, the total numb er of adults 
emerged are shown i ;l Table 1 and Flg. 1 .  Th = data were 
analyz ed using an i: .dependent chi-square ana ::..ysis. 
Host-type 1 was significantly (P > 0 . 01) preferred over 
host-types 2 and 3 .  It is suspected that host-types 
2 and 3 are significantly different from host-type 4 
but the independent chi-square analysis did not allow 
that comparison. If the total number of eggs laid by 
all the females are added together the results show 
that each female laid approximately 3 1 5  eggs during 
Tab le 1 . - Fecundity and viabilit y  of A .  carduorum whe n  
reared on 4 different host-types . 
Ho s t - Tot al No . 
type s  Eggs 
-
1 1137 
2 10 7 6 
3 778 
4 7 49  
Total No . 
Hatch 
4 1o a* 
25 7b 





2 3  
2 6  
1 1  
*Di fferenc e s  are s ignifi cant a t  the 9 9 %  leve l when 





Fig . 1. - Mean number of eggs of  A. carduorum 
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her life time . Number o f  eggs laid per female varied 
from 6 0 9  ( 1  female on host-type 1) to 4 4  (also on 
host-type 1 ) . Karney ( 196 3 )  reported that 6 -test 
females laid between 210 and 49 1 per female with an 
average of 3 6 5  eggs per female . In a similar experi­
ment, the number of eggs deposited by one  female per 
day varied between 1 and 39 ; no average was given. 
In other experiments that I conducted, females laid 
between 1 and 39 eggs per day, with a mean of 10 eggs 
per day. Females on host-type 1 lived the longest and 
those on host-type 4 ,  bull thistle, had the shortest 
adult life span. 
Host-pre ference 3 . - The series of experiDLP.nts 
conducted on feeding preference showe d ( Fig . 2) that 
there was a distinct response by adult be etles to host­
types 3 and 4, but t his response was not statistically 
significant. Howe ver, I feel that there is biological 
s ignificance because further analysis by sex ( Fig. 2) 
showed that females displaye d  no host-type preference , 
but that a distinct preference for host-types 3 and 4 
was displaye d by males . 
39 
To be certain that the beetles displayed  no direct­
ionil ( geophototrophic) feeding response in the above 
experiment, a test experiment with - each container 
39 A 
Fig . 2. - Mean numbers of A ·. carduorum 
observed per host-type per day ; from left to right -
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_ c ontaining 4 leaves of 1 host-type was conducted. 
The results, analyzed by an analysis of variance · 
( one-way classification) showed no signi ficant 
differences in directional feeding behavior of the 
beetles . 
Feeding unit analysis . - After the beetles had 
fed on the leaves for the 4 days in the previous 
experiment, a feeding unit analysis was conducted and 
the area consumed w, ts measured and the res ults are 
4 1  
shown i n  Fig . 3. 0 · 1c e again it is noted that although 
there is no statistical difference among the host -types 
there can be noted a distinct biological dif ference in 
the response of the beetles to the J. i hos t-ty.,)es. How­
ever, if more repli � ations of this experimen t would have 
been run , it is qui�e possible that the· diff 2r�nces 
noted could have be � � _ statistically indicate1. Leaves 
of hos t-type 4 ,  bul � thistle, are very thick  and spongy 
and contain numerous stiff hairs. Therefore, it is 
assumed that there is more food per unit - area in thi� 
host-type, hence , less feeding units were observed . . 
Once again , the beetles preferred host-type 3 over the 
other host-types. 
To summarize the fecundity study, host-type  1 
(Table 1) seemed t o  be preferred, but in the analysis 
41  A 
Fig . 3 . - Mean number of  feeding units per 
host-type after being fed upon for 4 day s  b y  
A .  carduorum adul t s  
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by feeding units (Fig . 3 )  host-type 3 was distinctly 
preferred . In feeding preference exper iments ( Fig . 2), 
the males dis p l ayed distinct preferences for host- type 
3 ,  compared to the females which were nonselective. 
Therefore, higher feeding units were ob ser ved s in ce 
more t ime is spent in feeding by the males on host -type 
3. 
4 3 
Longevity. - The res u lts of the laboratory longevity 
study showed that the olde st individual, a female, lived 
159 days , whereas the entire popu lation of the colony 
averaged 1 0 0. 0 days . Therefore , in all other tests , 
adults were cons ider , �d to be dead after 10 0 d :ty s . The 
importance of this r �ther long life s p an is that these 
older beetles, although they may not produce any more 
offs pring, c ontinue ·, : o  feed on leaves , thus reducing the 
vital ity of the plan· ; ,  and ultimately, contributing to 
its death. Depredat ion of the host occurs bec ause the 
am6unt o f  nutrient flow going into seed production of 
primary growth is reduced , as well as the nutrient flow 
to the roots dur ing secondary growth . 
In the field, the oldest possible beetle could not 
have lived longer than 10 5 days. ( Fig . 4) However , 
m os t  overwintering beetles were dead by the time the F1 






Fig. lL - Number- of A. carduorum adults at 
the Johnson farm release site for the years 19 71 
and 19 72 .  I. parent generation 19 71 ; II . F1 genera­
tion 1 9 71 ; III . F1 generation 1972 ; IV. F2 generat ion 
19 72 . 
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Temperature-RH Studies . - The results of  the 
temperature and RH studies are shown in Table 2. 
These data were analy zed by an independen t chi-square 
analysis.  The experimental parameters of 2 9 . 4 ° c day , 
2 1. 1 ° C night , 70-10 0 %  RH was s ignificantly different 
(P >  0 . 0 1) from those of 2 4° C day, 1 2. 75 °  C night, 
50-70 % RH, and from the other 3 . It is concluded that 
not only is  temperature c ritical , as in  experiments 
3 and 4 ,  but also RH as shown in  experiment 1 .  
Very few eggs were produced at  the Spearfish 
res earch s ite, an observation which confirms the 
laboratory findings Jf the effect of high telliperature 
and low RH. Also, n c,te the sharp population decline 
of the F1 gene ratior, in the summer of 197 1  (:?ig . 4) 
at the Johnson relea Ee site. 
Simila r  resultf were observed in s tudie s conducted 
by Le Cato and Pienkowski ( 19 7 2) which showed that 
exposure of alfalfa weevil, Hypera postica (Gyllendal) 
to high temperature for a long duration caused a great 
reduction in fertility, fecundity and longevity, while 
exposure for short durations to high or low temperatures 
had a lesser effect. He also found that high tempera­
tures damaged sperm and retarded oogenesis , in unmated 
males and virgin females, respectively . 
4 5 
Tab le 2 . - Fe cundity and viab i lity o f  A .  c arduorum whe n  re ared  in  different 
laboratory environments . 
Experiment Parameters  Eggs E ggs 
No . RH Temp C M Laid SD M Hat ched SD 
1 4 0 %  D 29.4 N 2 1.1 2 4 5.0 2 12 . 3  0.3 a* 0.6 
2 7 0-100 % D 2 9 . 4  N 2 1.1 288 . 6 2 5 6 . 6 1 3 4 . 0  b 117.0 
3 5 0 % D 3 5  N 2 1.1 16 4 . 0  3 2.5 1 . 0 a 1 . 7  
4 6 0 -9 0 %  D 3 5  N 2 1 . 1  2 5 9 . 6  7 1. 2  5 . 3  a 5 . 0 
5 5 0 -7 0 %  D 2 3 . 9  N 1 2 . 7 5  2 5 9 . 3  9 1 . 7  6 9 . 6  C 6 1 . 1  
* Di fferences  are s ignificant at the 9 9 %  leve l  when  compared value s have 




Artificial Diet Study . - It had been anticipated 
that 3 different types of artificial diet would be used 
in this experiment , a)-standard corn root-worm diet , 
b) -aqueous extract of  thistle, c)-powdered form o f  
freeze dried plants. However, due to the low numbers 
of  larvae available only l replication of  the first 2 
were run . The results recorded here are only prelimi­
nary, but they do indicate that the rearing o f  this 
beetle on artificia� . .  diet is possible for some o f  its 
li fe stages . 
The results of the diet containing an aqueous 
extract of Canada thistle are given in Table ]. Larvae 
under 12  hours o f  ap � s urvived the bes t. Ve1 y good 
s urvival rates were .�.oted for the 1s t 12 to � - 5 days at 
which time the majo1 ' :.i.ty pupated. If larvae had not 
4 7  
• · pupated within 1 5  d, .;r � , they us ually d id not pupate at 
all beyond this time . It is felt that failu�e o f  more 
beetles to emerge as adults was partly due to the fact 
that a 3 : 1  vermiculite soil mixture was used in the 
pupation chambers. Such a mixture did not readily allow 
the construction o f  pupal cells . Another factor 
pos sibly contributing to the limited s uccess was very 
high RH within the growth chamber. Temperat ures were 
us ually higher than 26 ° C and many times the RH was at 
saturation for many days in s ucces s ion . 
Table 3 . - Viab ility of 1st instars of A .  carduorum whe n  fed on 
corn root-worm die t cont aining an aqueous extract of Canada thistle .  
Perce nt 
Percent Pupating 
No . Alive Pupat ing of 1 2  Days 
Age in No. After 1 2  Percent No . of No . Survivor-
Hours Placed Days Survival Pupat ing Placed ship 
24 7 5  Li 8  6 4  10  1 3 .7  2 1 . 0  
1 2  7 5  6 1  81. 5 4 4 5 8. 5 7 2  
1 2  141 81 5 7. 5 3 1  2 2. 0 3 8 . 2  
4 30  19 6 3 . 5 15 5 0 . 0  79. 0 
..r:::­
(X) 
The e xperiment using the corn root-worm die t  was 
more successful. Twenty -eight mature larvae were 
placed in a pupation chamber after 22 days on the 
artificial diet . Five males and 2 females emerge d and 
1 pair was placed in a separate re aring container. 
The female  laid 4 52 eggs over a 6 4  day pe�iod extending 
from March 1 6  to June 19 , 19 7 1 .  No eggs hatched ,  
however. 
Another pairing of 1 male from the die t  and a 
female from the laboratory colony resulted in the 
oviposition of 310 eggs, but once again, none of the 
eggs hatched. However, when 1 male  from the artificial 
diet  was placed with a female from the laboratory 
colony, 4 2 5  eggs were laid, and 8 5  hatched and were 
placed on Canada thistle bouquets to complete develop­
ment. Six females and 1 male later emerged .  
The significance of the above e xperiments is 
twofold : a)-these be etles c an be reared on artificial 
diet ( larval stages) and b) -males are fertile and 
females produce eggs. 
Field Studies . - Rele ases. - At the S unnyview sit e, 
where releases o f  only larvae were made , adults could 
only be found which had emerged in cages. Two males 
and 2 females and 1 be etle of undetermined sex emerged 
4 9  
on July 2 2  and 2 3; they were last observed on Augus t 
4, 1970 .  In  the spring of 19 7 1  ( May) , 1 male and 
1 female were observed for 3 days. No field establish­
ment of the beetles occurred at this release site . 
At the Durland farm, all larvae released dis­
appeared within 3 days. No emerged adult s were 
ob served. This site was abandoned during the winter 
because horses had trampled the release area and had 
broken the cages to pieces. Po s s ibly, the poor results 
observed at  this si te were due to the fac t  that many of 
the larvae released were only in the 2nd instar. The 
weather during the r elease was very hot and f. ry and 
could also have been a contributing factor . 
Because of such poor results from larval releases, 
all subsequent relea ses. were made using adults . 
At  the Johnson farm, 1 5  females and 1 male emerged 
from May 10 to June S ,  1971, ( Fig. 4 ) from the release 
made during the fall of 1970 . This parent_ generation 
produced 38  females and 12 males during the summer 
from August 4 to September 14, 19 71. On August 2, 
25 laboratory reared beetles were added to the cage 
of the 5 0  field reared beetles ( 7 5 total) . However, on 
September 14,  1971, ( Pig. 4 )  only 8 beetles were seen. 
A major population crash occurred between August 1 4  to 
50 
2 8 , when at the same time very high temperatures 
(Table 4 )  and low RH (Table 5)  were als o observed. 
Similar concurrent population declines were observed 
at the Spearfish release s tation. 
Fourteen beetles (13 females and 1 male) emerged 
the following spring (197 2 )  (Fig. 4 ) , even though the 
maximum number of beetles observed at the Johns on farm 
after Augus t 29 , 19 7 1, was only 10. This indicates 
either that s ome ad· 1lts entered the overwintering s tate 
in very early fall , or that some larvae or pupae may 
overwinter and emerge the following s pring as adults. 
The 1 4  b eetles whic� emerged in the s pring o f  19 72 
produced approximat, : ly 1 3 50 eggs , zi25  firs t- , 29 0 
second- , and 225 th �rd instar larvae, from W1 dch only 
7 females and 1 mal,,;  emerged during the s umm ;2 . The 
las t beetle v·rns obs , ��..,ved on September 6 ,  19 7 �.  A 
comparis on of the a1 mndance of adults for each year 
(1971, 19 7 2 )  is s hown in the above mentioned figure. 
These results are significant because · no · other inves ti­
gations in North America have ob tained viable eggs from 
overwintering females, except for a caged release 
of  10 82 beetles at Lacombe, Alberta , Canada . 
The 1972 parent generation at the Johns on farm 
5 1  
Tab le  4 . - Comparis ons o f  weekly dayt ime (high and l ow )  temperatures  and 
nighttime (high and low )  t emperature s for the summer months in 197 1 and 19 72  
at  the Johns on farm re lease  s ite . 
Da;y 
High Low 
Date 19 7 1  19 7 2  19 7 1  197 2 
May 
2-8  7 7  69 5 8  4 8  
9-15  89 69 5 8  5 ! : 
16-22 8 4  9 1  52 6 5  
23-29 89 8 0  4 6  6 2  
June 
30- 5  83 7 8  5 1  5 8  
6 - 12 8 5  8 3  6 8  6 6  
13-19 8 9  8 6  8 5  6 5  
2 0 - 2 6  9 2  7 6  7 9 6 2  
July 
2 7-3 94 8 6  6 8  7 5  
4-10 84 7 8 72  6 5  
11-17  85  90 73 6 5  
1 8 - 2 Li 8 5  8 2  7 0  6 6  
2 5 - 3 1  8 3  82 6 9  6 8  
August  
1-7 85 8 7  73 6 6  
8-14  9 4  8 5  82 62 
1 5-2 1 1 0 0  9 1  83 8 6  
2 2 - 2 8  10 4 8 9  7 6  5 8  
September  
2 9 -4 9 5  8 4  82  6 2  
5-11  95 7 4  6 5  6 2  
12- 1 8  7 2  8 7  6 1  6 2  
19 -25 7 4  7 9 4 4  6 1  
Tem2erature 
Average 
19 7 1  19 72  
7 2  
'7 , ,  
I • 
'( 0 
· 6 8  
73 
7 7  
8 7  
8 4  
79 
7 8  
7 9  
7 7  
7 8  
'( 8 
8 7  
9 2  
9 1  
8 8  
7 7  
6 7  
6 4  
6 0  
'5 ?  
6 9  
72  
69 
7 6  
7 4  
69 
6 7  
73 
7 8  
7 7  
7 6  
7 4 
7 3  
8 9  
6 9  
7 4  
69 
72  
7 1  
Night 
High Low Average 
19 7 1  197 2 19 7 1  19 7 2  1971  197 2  
5 1  4 1  2 8  32 37 37 
7 1  50  2 4  4 2  4 1  4 5  
5 7  6 0  43 4 5 49  5 6  
6 1  6 2  32 5 1  4 4  5 6  
6 2  5 8  4 7 4 2  5 4  5 1  
6 1  6 6  5 5  4 5  5 8  5 7  
6 6  6 6  6 0  4 8  63 5 5  
6 8  6 2  5 5 43 6 0  5 0  
6 4  6 0  5 4  53 63 5 7  
6 9  6 0  5 2  4 4  6 0  53 
6 7  6 8  4 8  5 4  5 5  6 0  
6 8  6 8  4 5  5 5  52  6 0  
6 0  6 0  4 2  5 6  5 2  5 8  
53 6 7  3 7 4 5  4 4  5 5  
6 4  6 0  4 5  4 0  5 8  5 2  
6 8  7 6  5 6  6 4  6 1  6 9  
6 7  64 4 0  5 2  53 5 7  
6 7  6 5  5 8  4 1  � 3  53 
5 5 6 2  4 1  4 2  5 0  5 0  
3 7  5 6  3 1  4 3  3 3  5 0  
5 4 5 4 3 4  4 2  43 4 7 
\Jl 
l'0 
Tab le 5 . - Comparis ons o f  weekly daytime (high and low )  RH and rainfall 




Date 197 1  197 2 197 1 
May 
4 0  8 4  2 8  2 - 8  
9-15 L� 7 1 0 0  2 8  
16 - 2 2  92 6 4  
- -
C t  
2 3-29 10 0 1 0 0  3 5 
June 
30 -5 10 0  8 0  5 2  
6-12  1 0 0  94 6 5  
1 3-19 80  10 0 6 0  
2 0- 2 6  7 5  1 0 0  5 6  
July 
6 8  4 4  27-3  100  
4 - 10 8 8  80  5 8  
11-17  95 10 0 4 8  
1 8-24  10 0 1 0 0  5 2  
2 5 - 3 1  6 8  95 5 4  
Augus t 
1-7 
8-14  6 4  4 8  
1 5-21  6 0  6 4  3 6  
2 2-2 8  5 0  10 0 2 8  
September  
29- 4 8 0  6 4  4 0  
5-11  95 
1 2-1 8 6 4  10 0  39 
19-25  10 0 50  3 4 
197 2 
3 8  
4 2  
..J _) 
6 0  
5 8  
4 4 
50  
4 0  
3 8  
4 2 
6 2  
5 8  
5 2  
5 5  
5 2  
4 4  
5 0  
5 0  
40  
Average 
197 1  
3 4 
3 4 .  ' .,,. 
'i U  
6 4  
5 9 
8 0  
6 7  I 
6 4  
7 1  
7 3  
6 1  
6 6  
5 8  
� 2  
4 t  
3 5  
6 0  
) 1 ,,,. "1" 0  
59 
197 2 
6 6  
6 7  
5 5 
7 3 
6 7  
6 8  
6 7  
6 5  
5 2  
6 2  
7 0  
8 1  
7 0  
5 9 
7 3  
5 6  
60  
66  
4 4  
Rainfall 
Inche s per  we ek 
197 1  197 2 
0 2 . 6 1  
• O 3 1 . 0 6  
. 3 3 0 
.4 3  4 . 7 8  
1 . 16 . 1 4 
2 . 2 8 . 0 6  
. 5 1 . 1 3 
. 30  1. 8 0  
1 . 2 5 . 4 2 
. 7 2 1 .. 0 4  
0 1 . 0 8  
. 1 7 2 . 1 7 
. 2 4 1 . 4 6 
0 . 0 7 
0 . 3 1 
. 8 7 0 
0 1 . 3 6 
2 . 2 5 . 0 3 
. 2 5 . 37 
0 1 . 3 3 
. 4 1 . 20 
U1 
w 
produced only 8 F1 adults. The abnormal high RH 
during June ( Table 5) may have , caused the decline 
in progeny . It was found in the initial stages o f  
laboratory research that if the pupation chambers 
were watered from ab ove, very poor emergenc e  was 
noted. However, when the pupation chamber was 
watered from beneath via a saucer, emergence rates 
greatly improved. tt is possible that the rains 
in early July, 19 7 2 , drowned many of the field larvae 
and pupae. A compa �ison of the temperature and 
RH ( Tables 4 and 5) for the 2 years points this 
out. 
At the Spearfi 1� site the temperature (' rable 6) 
54 
was very high during the summer o f  19 7 1 . and � onsequent1y 
very few eggs were found within the caged re lease. 
On June 7 , 19 7 1 , 5 0  tieetles were released an j by 
July 8 only 8 beetles were observed . On July 2 7  no 
adults were observed, but 15 very dried and shriveled 
eggs were observed. 
A second release on July 2 7 , 19 71 , o f  50 caged, 
and 50 uncaged had similar results as those mentioned 
above . Observations at this site were made on A�gust 1 6  
when only 6 adults were located within the cage, and none 
Tab le 6 . - We ekly dayt ime ( high and low) temperatures , nightt ime ( high and 
low ) temperatures,  RH, and rainfal l for the summer months in 19 7 1  at the 
Spearfish release  s ite . 
Tem2eratures  RH Rainfall  
Dal Night Day 
Date High Low Average High Low Average High Low Average Inche s  per · we ek 
July 
20-2 4  1 1 3  7 8  10 1 64 5 1  5 6  6 0  10 30 0 . 2 3 
2 5- 31  9 7  6 8  8 3 44 4 3 43 6 0  3 0  45 0 . 1 4 
August  
1-7 10 8 62 80 50 39 4 4  5 5 12  36 0 
8-14  120 10 0 112 5 6  4 6  53 2 4  10 1 7  0 . 14  
1 5-21  102  8 7  9 6  6 5 5 2  5 7  2 6  1 6  2 0  0 . 4 1  
2 2- 29 107  1 0 4 10 4 6 6  5 6  6 1  2 2  10 1 8  0 
\Jl 
\Jl 
in the fie ld re lease area. This site was observed 
again on June 4 ,  19 7 2, and no eggs , larvae or adults 
were found in the c aged or in the uncaged rel ease area. 
As indicated earlier by  laboratory data, very few 
eggs hatched if the environment reached 35 ° C and RH 
dropped to 50 %  (Table 2) . 
Predator Studie s. - It is quite pos sible that the 
failure of  e stablishment o f  a field c ol ony from a -2nd 
release o f  5 0  adults in the summer of 19 71 a �  the 
Johns on s ite was due to the presenc e  of the carabid 
predator , Lebia viridis Say. Many Altica e ggs and 
larvae were not ed in the cage shortly after releas e, 
but the pre s ence of this predator was unknow 1 at that 
time. By the time individuals of L. viridis were 
detected, nearly all of the A. c arduorum lar ,ae had 
dis appeared . 
L .  viridis c losely re sembles  A. carduor J� and can 
easily be mistaken for an Altica. Bals baugh ( 19 67 )  
reported on s everal c arabid-chrys ome lid as s ociations 
including ones involving L. viridis ,  in which pos s ible 
mimicry occurs . 
When it was rec ognized that this predator was 
pre s ent, 12 s pecimens were collected in one day. It is 
as s umed that none of the A .  carduorum larvae avoided 
56 
57  
capture , since no  adults emerged from this cage. 
Based on s amples of the flora and fauna, background 
counts for radioactivity at the Johnson farm averaged 
25 cpm during the predator study. Samples of 3rd ins tar 
larvae, collected from the plants labeled with · p3 2 
ranged in activity from 175 3 - 2 3, 700 cpm . Adults 
varied in activity from 3200 - 3900 cpm. 
Two plants whi� � had been inj ected with p 3 2 on 
September 1, 19 72, i :ere sampled 7 days later with each 
plant having over 3 1 1 , 000 cpm. Samples from the pitfall 
traps were analyzed at the end of the experimental 
period ( October 8) :1nd 1 coccinelli d, Coleom· ��)22�lla 
maculata Timberlake c ontained 2600 cpm, and :, specimens 
of Harp al us pennsyJ:.ranicus De Geer, a carabic l 
J 
ranged 
in counts from a lo- u of 1 1 4  cpm to a high of 2 560 cpm . 
All of this acti vi t� · may ·not have come from ; :'1e labeled 
Altica, however, ber ,ause the Carabidae are s �avengers 
and could have very easily ingested labeled plant debris, 
(Kirk, personal communication) or else ohtained radio­
activity from feeding on aphids which were present on 
the thistle. Based on these data it would appear that 
' the 2 most likely carabid predators are Lebia Viridis 
and H. pennsylvanicus . 
In predation studies conducted by Riordan and 
Peschken ( 19 70 ) eggs were labeled by feeding adult 
beetles on thistles which had been vacuum impregnated 
with P3 2 solution. The advantage of using this method 
was that beetles were allowed to feed until preselected 
levels of radioactivity had been reached. · 
In the experiment conducted at the Johnson farm, 
I was not interested in the exact amount of P3 2 each 
life s tage incorporated. A sufficiently higb amount 
5 8  
was injected .into the plant to enhance its i· 1corporation 
into the larvae and adults of A. carduorum, 1nd thus a 
high amount would be inc orporated into the predators , 
which was accomplisl �d. 
Mycoplasma Study. - Suspected mycoplasma, - iike bodies 
were located in the phloem of leaf vein samp J es from 
Canada thistle plan�s that displayed typical yellows 
" symptoms (Fig. 5 and 6) . These bodies were )bserved 
in cells devoid of other recognizable organe _les or 
vacuoles. Not all cells in a stele contained these 
suspected mycoplasma-like bodies. 
Healthy Canada thistle tissue is shown in Figs. 
7 and 8. No mycoplasma-like bodies were ob served 
in sections of noninfected control plants . In the 
sieve elements, these bodies are dispersed throughout 
the entire cytoplasma of the cell. The relative 
5 8  A 
Fig . 5. - A stand of Canada thist le ,  C i rsium 
arvense showing the symp toms of suspec ted yellows 
disease . 
Fig . 6 . - Close-up view of one Canada thistle 
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Fig. 7 . - Noninfected phloem tissue of Canada 
thistle. Sieve elements ( Se) . ( Approx . X320 0 ) 
Fig. 8.- Noninfected phloem tissue of Canada 
thistle showing one sieve element ( S e ) . Parenchyma 
(Pc) . ( Approx. X6 100) . 




abundance of these organisms varied greatly from 
cell to cell . A wide variety of forms and sizes 
( Figs . 9 and 10) was observed. The single spherical 
bodies ( Figs. 9 and 11) were either small or large 
in size. These bodies had a 2 layered unit  membrane 
(Fig . 10) . Doi et al. , ( 196 7 ) found similar structures 
in phloem tissues of mulberry plants . The small 
spherical bodies (Fig. 1 1 )  had recognizable contents 
whereas the larger size bodies were apparently empty 
(Fig. 9 ) . Also , the smaller spheres sometimes formed 
filaments (Fig . 11 ) . No structures were pres ent which 
would suggest buddin g or binary fission occu� ·ring in 
the spherical bodies. This is not to say that it 
does not occur but t��t it was not observed during 
this preliminary stu 1y . 
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The bodies assc ciated with diseased Canada thistle 
plants are morpholog:ically similar to known mycoplasmas 
(Hampton et al. 196 9, Bowyer et al. 196 9, Cousin et al. 
1971, and Dale and Kim 196 9) . The presence of the above 
desc ribed suspected mycoplasma-like bodies in sieve 
elements of diseased plants indicates a relationship 
with disease symptoms displayed by the plant ( the 
yellowing of the leaves) , but there is no conclusive 
proof . 
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Fig. 9 . - Suspected mycoplasma-like structures 
(Y) in Canada thistle leaf tissue . Cell wall (cw). 
(Approx . Xl0980) .  
Fig. 10 . - Suspected mycoplasma-like bodies 
showing filamentous growth structures (Fs) , and 
the 2 layered membrane (L) . (Approx . X40,000) . 
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Fig . 1 1 . - Indiv idual sus pected my coplas na-like 
bodies showing the large (Lm ) ,  and the smal l ( Sm) 
size spherical bodies . (Approx . Xl0,980) . 
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Although most yellows disease-causing organisms 
affect many important food, forage, and horticulture 
plants, they also affect plants which are considered 
weeds. Thus, although weeds may play a role in the 
origin of yellows disease of crop plants, and serve 
as significant hosts in their perpetuation , it is 
hoped that through modern technology the utilization 
of these MLO ' s  may ultimately serve in the control 
of noxious weeds ( Duffus 19 71) . 
Morphology . - Altica carduorum ( Fig . 12) is a 
64 
beetle having the posterior femur greatly enlarged and 
adapted for jumping , hence the name flea bee : ; J_ e. The 
head is visible  frorr above, and the antennae are 
filiform. The tarsi appear 4 -segment ed , but actually 
are 5-segmented. Tt ese beetles are oval in shape and 
range in siz e  from � -- 5  mm. They are blue in color and 
the female is larger than the male . There is a complete 
absence of pubescence in this species. 
The Head. - The hypognathous head* ( Fig. 1 3) is 
visible from above and directed ventrad. The head 
*Explanat ion of abbreviations are given on 
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. Mandible 
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Membraneous area 
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Pleural wing process 
�osterior notal process 
Pre Prementum 
Pre Pro co xa 
Pro Pronotum 
Prs Pres cutum 
Prt Pros ternellum 
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Pti Prebasal transverse impress ion 
Ptn Pos tnotum 
Ptp Pos terior  no tal process 
P tx Prothorax 
Pul Pul villus 
Pwp Pleural wing process 
' Rid Ridge 
Rns Reverse notal s uture 
Sep Scape 
Scm Scutum 
Scs Scuto-s cutellalar suture 
Se t S cutellum 






Sts Sternal suture 
Sub Subalare 
Sus Sub-antennal s 1 Lture 




Trc Trochant or 
Tro Trochantin 
Ver Vertex 
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Fig . 1 2. - A . carduorum, dorsal view . 
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c apsule is dark blue . The median area has a frontal 
c allus or ridge running anteriorly in the area between 
the antennae sockets and expanding laterally above the 
labrum . The clypeus is separated from the base o f  
this ridge by the epistomal suture. The labrum is 
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borne at the distal end of the clypeus. The mandibles 
are not visible in dorsal view . Dorso-laterad from the 
antennal base is a semi-circular , r�ticulate� antennal 
callus, which has the dorsal tentorial pit laterad of it .. 
Dorsad from the antennal callus (in . s ome spe\ ! 1mens) are 
the medial and lateral arms (frontal suture) o f  the 
epicranial suture. The frons is the area o f  the head 
bordered laterally by the compound eyes, dor:  ally by the 
lateral arms o f  the epicranial suture, and v,_�ntrally by 
the epistomal suture. · Ventrad from the eye , lies the 
gena which extends to the base o f  the mandib: . e and is 
limited laterally and separated from the fro1 1s by the 
sub-antennal suture and posteriorly by the occipital 
suture . 
The filiform antennae are short, less than half the 
length of  the body and arise laterad to the compound 
eyes. The scape and articles 3-11 are of equal length . 
The pedicle is about half the length o f  the other articles. 

The anterior tentorial pits lie b e tween the genae 
and the sub-genae in the fronto-genal - sub -genal 
suture . No tormae are noticed except in the ventral 
view of  the lab rum. No neck sclerites are visible 
dorsally . Presumably, the head articulates on the 
occipito-cervical condyles . 
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The posterior sect ion of the head (Fig . 14 ) consists 
of the foramen magnum, postocciput, occiput , gena and 
vertex . No occipi t; i.l suture is visible . 'I'he c·ompound 
eyes are located on the me sa-lateral margins . The fora­
men magnum is b ounded laterally and dorsal ly by the post­
occipital suture whtch l,aterally separates t1e post­
occiput from t he ge · w. . The posterior region of the 
head is comprised o r  the fused vertex and 2.£�iput . 
Located within the ioramen magnum at the anterior end 
of t he gula suture � 1n be seen the occipito- 9ervical 
condyles, which per Jit the movement of the �ead. 
The deep posterior ·tentorial pits are located (Fig. 14  
arrow) in  the dorsal 1/3 of  the gula su�ure. 
The labrum is attached to the distal end of the 
clypeus. The dorsal surface is completely sclerotized  
and has several small setae. The ventral surface 
(Fig . 1 5 ) ,  which forms the epiphraynx, is less 
distinctly sclerotized ; however, there is a large, 
70 A 
Fig. 14 . - A. ca .rduorum head, ventral vj_ew . 
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recurved , heavily s clerotized spine-like structure 
on the baso-mesal margin. The labrum i s  s lightly 
notched and has 2 small pits on  either s ide o f  the 
median line. 
The monocondyl ic  mandible (Fig . 1 6 ) has 3 denti cles 
and i s  strongly scleroti zed everywhere except for the 
base-mesal membraneous prostheca. The left mandible 
lie s  with its teeth dorsad or enclosing the teeth of 
the right mandible. 
The labium ( Fig. 17) consists of the following 
sclerites and segments, vi z. the sub�entum, mentum , 
and prementum . The prementwn bears a 3-segmented 
£alpus and 2 l obes , the gl os sae, and paraglo_�. 
The maxilla (Fi g. 18) articulates with a s clerite 
at the anterior end of the gula by a condyle located 
at the bas e  o f  the c �rdo. The stipes i s  connected 
distally with the c2rdo and bears 3 freely articulating 
appendages which are directed mesal, viz . the palpus, 
lacinia , and galea , respectively, from lateral to mesal 
insertions . The stipes is separated from the head proper 
by  a membrane. The distal tip of the galea bears 6 long , 
apically recurved hairlike proj ections.  
The Thorax.- The pronotum (Fig. 12) i s  c overed by 
a large s omewhat rectangular tergite with explanate 
72 A 
Figs . 15-1 8 . - A.  carduorum . 15, Labrum, ventra 
view ; 16, right mandible, ventral view ; 17,  right 
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margins and altogether is as wide as t he elytra . A 
distinct prebasal transverse impression is present . 
With the loss of function for flight by the fore 
wings, the mesonotum (Fig . 19) is reduced and modi fied 
and lacks a postnatal area. It is shorter than the 
other 2 thorac ic segments, and the large triangular 
scutellum, which divides the scutum into 2 lateral 
halves overlaps the metanotum. The acrotergite 
(Figs. 2 1, 22 ) is  a narrow sclerite j ust preceding 
the base of the scu �ellum, set off by t he ante�ostal 
suture. A reverse natal suture (Fig. 19 ) is present in 
the posterior part of the alinotum near the b �se of the 
elevated s cutellum . The scutellar region is divided 
into a median eleva t ed shield and 2 lateral �reas 
(Fig. 20 ) • 
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The metathorax o f  Coleoptera has 2 spec i al modifica­
t ions. One is the �-- Jrward extension of a mE d-ian tongue 
of the scutellum toward the prescutum, dividing the 
scutum into 2 separate lateral lobes. The other is the 
division of each lateral lobe again by a pair of con­
vergent furrows, · formed by special transverse ventral 
ridges latered of the apex of the V-ridge (Snodgrass 
1909) . 
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Figs. 19,  20. - �- carduorum . 19 , Mesothorax , 
dorsal view; 20 , rnetathorax dorsal view. 
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Figs. 21, 2 2 . - A .  c�rdubrum . 2 1, Mesothorax, 
anterior view ; 2 2 ,  metathorax , anterior view . 
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In Alti ca the median part of the presc utum is 
narrow and arched forward . The ant��ostal suture 
separates it from the aciotergite whi ch lies anteriorly 
and is flexed downward (Fig . 20) . The membraneous area 
behind it is extended transversely. The scutellum has 
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a long median tongue extending the entire length of the 
metathorax, separating the scutum into lateral halves . 
The 2 lateral areas are partially divided into anterior 
and posterior parts by the intrasc utal suture (obl ique 
suture) . In front of the convergent furrows the anterior 
sc utal subdivisions are cal led alacristae (Crampton 
19 18 ) . According to Campau ( 19 1m )  , the se ri<J.ges are 
the areas where the elytra are hooked when a� rest . 
The anterior S < •. 1 .erite ( acrotergi t e  and prescutum) 
on superfic ial vi ew:· . ng . is not seen bec ause i t  is located 
immediately adj acen1 ; and beneath the scutellum o:f the 
mesotergum. 
The ental portions of the postnotum bear vertical 
intersegmental plate-like apodemal lobes ( =phragma) 
(Fig . 20) .  These are medially emarginate to allow for 
the passage of the dorsal blood vessel (Snodgrass 19 35 ) .  
The lateral extensions fuse with the sclerite in front 
of them so that the axillary cord appears to be 
attached to the margins of the scutum (Fig . 20) . 

The Pleura.- The pleura (Fig. 2 3 ) o f  the pro- and 
mesothorax resemble each other, but are vertical and 
oblique, respectively. The prothoracic pleurites seem 
fused with each other and with the tergum and sternum , 
but are not reduced in si ze. The pleural suture separ­
ates the p leurites of the pro- and mesothorax into 
epis ternum and epimeron, which are separated from the 
sternum by a ridge , the sternal suture . The pleurites 
of the prothorax are joined to the protergite. 
The pleura of the metathoracic segment do not 
differ fundamentally from the other pleura but have 
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only secondary diffe rences. These are nearly horizontal .  
Arising from the anterior end of the pleuritf s is the 
pleural wing procese _. The pleural suture has its 
anterior end bent slightly downward , then st.?aightening, 
ending abruptly at t he metacoxa . No further sutures 
divide the pleuriteE. 
The t�o�hantin can · be located only on the pro- and 
mesoco xae. 
The basala�e , the anterior epipleurite of the 
metathoracic segment , is located at the anterior tip 
of the episternum and appears to be somewhat fused with 
it. The subalare, (Fig . 30) the posteri or epipleurite, 
is free and lies laterad and somewhat basad to the 
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Fig. 2 3 . - A .  carduorum. ventral view.  








p osterior natal process. 
The Venter . - The probasisternite (Fig. 23 ) is a 
broad but narrow sclerite , which at midbody forms a 
finger-like proj ection between the procoxae, called the 
prosternellum. The mes oternum is essentially identical 
to  the prosternum except that the coxae are nearly 
contiguous , therefore there is little, if any, 
mesosternellum. 
The sternum ap1 ,ears to be made up o f  2 large 
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s cleri tes ,  due t o  tl te presence of  a medial line termed 
the " discriminal line." Therefore, Campau (1940 ) stated 
that "there is no t�-:>uly sternal element visi· ) �1 A at all. " 
These sclerites are Evident ly the preepisterr�11m. The 
" antecoxal piece " i: J interpreted here as the 1catepi­
sternum which has bc:en · reduced merely to a s:• 1all area 
surrounding the ant c �:.,ior portion o f  the coxa. 
The Legs.- The :egs (Figs. 24, 25, and 26) are 
similar in shape and structure to one another, leg 1 
being t he smallest and leg 3 the largest � The meta­
thoracic leg has the femur greatly enlarged. The legs 
consist of the 5 normal parts, coxa, trochanter ,  femur , 
tj_bia, t arsus, with the tarsus being 5-segmented. The 
4th tarsal segment ( Fig·. 27) , located in the furrow 
o f  the deeply marginate 3rd segment ,  is very small 
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Figs. 24 -27 . - A .  carduorum. 24 , Prothoracic 
leg ; 25 , mesothor1acic leg ; 26, meta thoracic :·.eg ; 
27 , tarsi I -V�  ventral vi ew. 
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and can b est be seen on the ventral side . Two tarsal 
·claws are located terminally on the tarsus. 
The Wings. - The elytron is non-functional in the 
flight process and is very thick and leathery. Veina� 
tion in the hind wing ( Fig . 28) is greatly reduced, 
and the structure which appears to be the tegula is 
really the muscle �isk ( Fig. 29) , which arises from 
the acrotergite . 
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The Wing Artict ' lation. - At the base of the wing,  
(Figs. 29, 3 0 )  3 sm, . 1.l s cleri tes can be  seen which 
permits movement of the wing. These are known as 
axillaries I, II and III. The subalare was only located 
in ventral view of t he metathoracic segment. 
The Abdomen. - � 1i1e tergi tes ( Fig . 3 1) of the 1st 
2 true abdominal sep11ents are greatly reduce< 1. and cannot 
be seen. The 1st ar dominal spiracle lies an' ; t;rior to 
the pointed anterio1 angle of tergi te I. Thi::· other 
spiracles of the abdo�en are found at the antero-lateral 
corner of each tergite . Each spiracle occurs in the 
membraneous area lying between the tergites above and 
the lateral edge of the sternum below . Ventrally, there 
are 5 visible abdominal sternites. 
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Fig . 28. - A. carduorum, right metathoracic 
wing, dorsal view. 




Figs . 29, 30.- A .  carduorum. 29, Mesothoracic 
wing articulations, dorsal view ; 30, metathorac i c  
wing articulations, ventral view. 
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Fig . 31 . - A .  carduorum, abdomen , dorsal view. 
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Male Genitalia . - The males may be separated from 
the females by the structure of abdominal segment VII. 
In the females the posterior margin is entire (Fig . 3 2 ) .  
However, in the male this s ame edge is emarginate 
medially, which allows for the extension and retraction 
of the aedeagus ( Fig . 33) .  The aedeagus ( Figs. 34 , 35 ) 
is a sclerotized tube having the penis s traight, tubular 
and somewhat flatte'1ed � The ventral edge of the apex 
is produced into a · )oint which proj ects beyond the 
dors al edge. The c 1itinization of the dors al plate 
forms 3 flaps which close the orifice. The median 
foramen occupies the ventral portion of the · J �s al 
fourth. The tegmen is Y-shaped and has no c �p-piece. 
A complete des �ription of the egg, larv i �  and 
pupal s tages can be found in a report by Kar �ey (1963 ) .  
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Figs. 32 , 33. - A .  6arduorum . 32 , f ,  abdomen, 
ventral view ; 33 , a� abdomen, ventral view . 
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Figs. 34 , 35 . - A. carduorum. 34 , Male 
genitalia, dorsal view ; 3 5, male genitalia,  
ventral view. 
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SUMMARY AND CONCLUSIONS 
A laboratory c olony of ! ·  carduorum was established 
from 50 adult beetles from the USDA laboratory , Albany , 
California. 
Four host-types of Girsium spp. were screened and 
although no statistical differences were shown , a dis­
tinct pre ferenc e for host-type 3 was noted. 
It was found that laboratory longevity · ) f  adults 
averaged 10 0 days. The field beetles have a much shorte� 
adult life, but 1 beetle lived 100 days in tne field. 
If 2 adult generations would overlap, much more control 
could be exerted on the weed. 
It was found that the best temperature 1t which to 
rear the be etles in the laboratory was a day temperature 
of 30 ° C ,  night 21 ° C and 50-70 % RH. In per!orming the 
temperature - RH e xperiments, it• was found tl .E;.t both 
these parameters can be limiting factors to life of the 
beetles. These conclusions were corroborated by field 
data . 
Although the findings are preliminary , it appears 
that some life stages of A .  cardubrum may be reared on 
artificial diet. If rearing te chniques were perfected 
many hours of manual labor could be c ut from the regular 
maintenance of a plant-fed laboratory colony . 
Mycoplasma-like bodies were found in c. arvense 
displaying the classic symptoms of yellows disease . 
Although C anada thistle may play a role in the origin 
90 
of this disease and serve as a host, it is hoped that 
modern technology ultimately can utili ze the mycoplasma­
like organisms in the control of weeds . 
The complete external morphology of the adult 
beetle is described . 
Following the success of the release at the 
Johns on farm , other field rele ases were made. This 
was the only place i n  the United States wher, � over­
winter,ing adults ha-.: ·e laid viable eggs . Only at 
one other place, La ( � ombe, Alberta ., Canada , has this 
success been duplic, �ted . 
The major factors limiting the establishment o f  
field colonies are predat ors viz . L. viridis, and 
H .  pennsylvanicus ; very high temperatures ; low RH; 
and combinations o f  the above . 
If A. carduorum is to be used for biological 
control o f  Canada thistle, several prob lems must be 
overcome, viz . the prevention o f  a fall decline in egg 
laying and hatching in the laboratory colony . Such 
declines in fecundity probably result because of 
feeding on fall field thistle . Possibly, the host 
plant stimulates a response in the beetle to prepare 
for winter and reduced fecundity is a result of this . 
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A laboratory co lony must be maintained to determine 
further effects of temperature and RH on fecundity, and 
to produce excess adults for releases at additional 
sites within the state. 
The greatest limiting aspect in this re: ; earch was 
the inability to mass produce adult beetles then they 
were needed. 
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